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CC BY-NC-ND license (http://creativeBackground/Purpose: Detrusor underactivity (DU) is a common urologic problem. Our previous
study revealed the transurethral incision of the bladder neck (TUI-BN) improves short-term
voiding efficiency (VE) in female patients with DU. This study focused on the long-term out-
comes of TUI-BN and identified the predictive factors of satisfactory outcomes.
Methods: A total 50 women with DU for whom medical treatment failed underwent TUI-BN.
The urodynamic parameters at baseline and follow-up visits were analyzed. Patients with
VEs >50% were considered to have satisfactory outcomes. Baseline urodynamic parameters
were analyzed as factors predictive of outcomes.
Results: After a mean follow up of 61.8 months, 26 of 50 patients had satisfactory outcomes.
The mean VE, maximum flow rate, voided volume, detrusor pressure, and postvoid residual
volume significantly improved after TUI-BN. A higher intravesical pressure [Pves, odds ratio
(OR) Z 1.023, p Z 0.013] and smaller first sensation of bladder filling (OR Z 0.990,
p Z 0.020) at baseline were predictive factors for satisfactory outcomes. The multivariate
analysis revealed that only baseline Pves was a significant predictor of satisfactory outcomes
(ORZ 1.024, pZ 0.038). The receiver operating characteristic curve analysis of baseline Pves
showed that the area under the curve was 0.767 (95% confidence intervalZ 0.624e0.876). The
optimal cutoff value of Pves for a satisfactory outcome was 45 cmH2O, which had a specificity of
78.26% and acceptable sensitivity of 73.08%.ave no conflicts of interest relevant to this article.
t of Urology, Buddhist Tzu Chi General Hospital, 707, Chung-Yang Road, Section 3, Hualien 970,
.com.tw, hck@tzuchi.com.tw (H.-C. Kuo).
5.08.009
an Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the
commons.org/licenses/by-nc-nd/4.0/).
808 J.-F. Jhang et al.Conclusion: TUI-BN improved VE in women with DU over the long term. A higher Pves compared
to a lower Pves was predictive of satisfactory surgical outcomes.
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Detrusor underactivity (DU) is a common urodynamic diag-
nosis in elderly male and female patients with lower urinary
tract symptoms and urinary retention. In a prospective
study that assessed 102 women with urine retention, 13
(12.8%) had DU.1 Although there is little unanimity of the
definition of DU, it is defined by the International Conti-
nence Society (ICS) as contractions of reduced strength
and/or duration resulting in prolonged bladder emptying
and/or a failure to achieve complete bladder emptying
within a normal time span.2 The detailed pathophysiology
of DU is still unclear, but the cause of DU is classified into
two types: neurogenic disorders such as spinal cord injury
and pelvic plexus injury or nonneurogenic disorders such as
aging, bladder outlet obstruction, and diabetic cystop-
athy.3 One study also suggested failure of urethral sphincter
relaxation as a cause of inhibition of detrusor contraction.4
However, little research has been designed to prove these
mechanisms.
The consensus of the International Consultation on In-
continence Research Society meeting in 2010 was that
treatment options for DU should increase detrusor strength
or bladder sensation or decrease bladder outlet resis-
tance.5 Currently, the most commonly used medications for
the treatment of DU are muscarinic receptor agonists (e.g.,
bethanechol) or choline esterase inhibitors (e.g., dis-
tigmine). Nonetheless, previous studies suggest only a small
beneficial effect for these drugs, with sometimes intoler-
able adverse effects.6 We previously reported our experi-
ence with transurethral incision of the bladder neck (TUI-
BN) for women with DU and urinary retention.7 Although
the 3-month results showed that TUI-BN improved voiding
efficiency (VE) and reduced postvoid residual (PVR) volume
in women with DU, some women did not have a satisfactory
surgical outcome, and the long-term results were unde-
termined. In this study, we updated the long-term results
and identified the factors that would predict satisfactory
surgical outcomes.Methods
We performed a retrospective chart review of female pa-
tients who underwent TUI-BN because of DU from 2003 to
2014. These patients had experienced urinary retention for
at least 1 year and still had large PVR volumes (>200 mL)
after conventional medication such as alpha-adrenergic
blocker and/or bethanechol therapy. All patients under-
went complete video-urodynamic studies (VUDSs) according
to the recommendations of the ICS prior to the surgery,8
and the diagnosis of DU was based on the definition of the
ICS. All patients could void with abdominal straining, but anonopening bladder neck was found during VUDS. The pa-
tients with pelvic organ prolapse, active systemic disease
and Eastern Cooperative Oncology Group Performance
Status > 3 were not considered as candidates for TUI-BN
surgery. Patients who underwent previous lower urinary
tract operations such as antistress urinary incontinence
surgery were also excluded.
All patients had given complete histories and had un-
dergone physical examinations to facilitate the investiga-
tion of the etiology of DU. The patients with histories of
nerve injury to the lumbosacral spinal cord, cauda equina,
and pelvic plexus, such as posthysterectomy or pelvic
trauma, were considered to have neurogenic DU. The pa-
tients who did not have specific nerve injury directly
resulting in DU were considered to have nonneurogenic DU.
Diabetic cystopathy is considered as nonneurogenic DU.
Baseline urodynamic parameters during VUDS were recor-
ded, including cystometric bladder capacity, voided volume
(VV), PVR volume, maximum flow rate (Qmax), the first
sensation of bladder filling (FSF), maximal intravesical
pressure (Pves), and maximal detrusor pressure at Qmax
(Pdet $ Qmax) [8]. Bladder VE (percentage) was defined as
the VV/total bladder capacity  100.9 One surgeon at the
Buddhist Tzu Chi General Hospital performed all of the TUI-
BN surgeries. After the procedure, patients were cathe-
terized with an indwelling Foley catheter for 48 hours while
in the hospital. A voiding trial was started after catheter
removal, and the patients were discharged. We scheduled
these patients to first revisit in our clinic 1 week after
discharge, and we suggested that these patients use clean
intermittent catheterization (CIC) if the PVR volume was
greater than 200 mL to prevent urinary tract infection. We
asked these patients to visit our clinic every 3 months, but
some patients were lost to follow up.
We contacted all patients by telephone and asked them
to revisit our clinic for follow-up examinations. VUDS was
performed again, and the urodynamic parameters were
recorded. The VE of more than 50% was considered a
satisfactory surgical outcome. If the VUDS in a patient with
urine retention still showed a nonopening bladder neck, a
repeat TUI-BN was performed. The number of patients who
required repeat operations was also recorded. The Ethics
Committee of the Buddhist Tzu Chi General Hospital
approved the study. Written informed consent was waived
because the study was retrospective.
Surgical procedures
TUI-BN was performed under general anesthesia using an
adult resectoscope and a diathermy electrode using a 110-
W cutting current. After the bladder was fully distended,
two incisions were started at the 5 o’clock and 7 o’clock
positions of the bladder neck. After the diathermy incision,
Transurethral incision of bladder neck in women 809which went as deep as the bladder neck smooth muscle, the
muscle was completely interrupted until the serosa was
visualized. The incision line ended before the urethral
sphincter and was about 1e1.5 cm in length. The external
urethral sphincter was not injured in any patient (Figures
1Ae1E).Outcome and statistical analysis
The urodynamic parameters of all patients prior to and
after surgery were compared using Wilcoxon signed-rank
test. The patients were classified into subgroups according
to different etiologies or surgical outcomes. The baseline
and follow-up urodynamic parameters in different sub-
groups were analyzed using Student t test for independent
samples. The surgical outcome was considered satisfactory
if patients could urinate with a VE of more than 50%;
otherwise, they were considered to have unsatisfactory
outcome. The baseline urodynamic parameters between
the patient with satisfactory and unsatisfactory outcomes
were analyzed using Wilcoxon rank sum test for indepen-
dent samples. The chi-square test was used to evaluate the
surgical success rates in the different subgroups. Logistic
binary regression was used to analyze the factors predictive
of satisfactory surgical outcome. Receiver operating char-
acteristic curves were used to calculate the areas below
the curves of potential factors predicting satisfactory out-
comes. All statistical analyses were performed on a per-
sonal computer using SPSS for Windows (Version XV; SPSS
Chicago, IL, USA). A p value <0.05 was considered statis-
tically significant.Figure 1 Transurethral incision of the bladder neck in female pati
the surgery. (B) Double incisions started from the 5 o’clock and 7 o’c
the bladder neck muscle to the serosa layer. (D) Continuous incision
The smooth muscle was completely interrupted until the serosa was
(F) An opening bladder neck in a patient who received TUI-BN 3 yeaResults
A total of 50 female patients underwent complete in-
vestigations and follow up. The patients’ ages ranged from
20 to 85 years (mean  standard deviation, 60.6  14.9).
The mean follow-up duration was 61.8  36.0 months
(range, 6e129). Twenty-nine (58%) patients were classified
into the neurogenic DU group, and the other 21 (42%) were
classified into the nonneurogenic DU group. At baseline, 26
(52%) patients had uncontractile detrusor muscles, 36 (72%)
patients had urinary retention, and 42 (84%) patients had to
perform CIC or had an indwelling catheter. At baseline, 13
patients in the nonneurogenic DU group had diabetes mel-
litus, and only two patients in the neurogenic DU group had
diabetes mellitus. The baseline VUDS parameters are listed
in Table 1. At long-term follow up after TUI-BN, the VE, VV,
Qmax, and PVR had significantly improved in all patients
(Table 1). Pdet $ Qmax also improved at the follow-up visit.
Twenty-six (52%) patients had satisfactory surgical out-
comes, whereas the other 24 (48%) patients had unsatis-
factory outcomes. The mean PVR decreased by 53.4%, and
only 15 (30%) patients had to perform CIC at follow up. At
the long-term, follow-up cystoscopy, the bladder neck was
still wide open in both patients with satisfactory and
dissatisfied outcome (Figure 1F). Only nine patients still had
urinary retention after TUI-BN.
The patients who had satisfactory outcomes had higher
baseline Pves [56.0 cmH2O, interquartile range
(IQR) Z 34.3, 107.5; vs. 24.0 cmH2O, IQR Z 15, 45;
p < 0.001] and smaller FSF [136.0 mL, IQR Z 111.5, 147.5;
vs. 218.0 mL (142.0, 256.2), p Z 0.018] than the patients
with unsatisfactory outcomes (Table 2). A logisticents with detrusor underactivity. (A) Tight bladder neck prior to
lock positions of the bladder neck. (C) Gradual deep incision of
until the bladder neck is flat to the level of the bladder base.
observed. (E) The bladder neck is wide open after the incision.
rs earlier. TUI-BNZ transurethral incision of the bladder neck.
Table 1 Changes in urodynamic parameters of transurethral incision of the bladder neck in female patients with detrusor
underactivity after a long-term follow up.
Baseline Follow-up p
Voiding efficiency (%) 0.0 (0.0, 3.5) 50 (12.5, 78.5) <0.001
Voided volume (mL) 0.0 (0.0, 12.0) 167 (61, 258) <0.001
PVR (mL) 400 (300, 500) 150 (50, 255) <0.001
Qmax (mL/s) 0.0 (0.0, 2.0) 5.0 (3.25, 875) <0.001
Pdet $ Qmax (cmH2O) 0.0 (0.0, 5.75) 7.5 (0.0, 15) 0.002
Pves (cmH2O) 46.0 (19.0, 85.0) 32.0 (22.0, 82.0) 0.291
Compliance (mL/cmH2O) 22.8 (14.0, 50.2) 30.8 (17.0, 60.0) 0.859
Data in parenthesis indicate the first and third quartiles.
Pdet Z maximal detrusor pressure at Qmax; Pves Z maximal intravesical pressure; PVR Z postvoid residual volume; Qmax Z maximum
flow rate.
810 J.-F. Jhang et al.regression univariate analysis showed that a higher Pves and
smaller FSF at baseline were significant for predicting
satisfactory surgical outcomes [odds ratio (OR) Z 1.023,
p Z 0.013, and OR Z 0.990, p Z 0.02]. The multivariate
analysis revealed that only Pves was a significant predictor
of surgical outcome (ORZ 1.024, pZ 0.038). The receiver
operating characteristic curve analysis of baseline Pves
showed that the area under the curve was 0.767 (95%
confidence interval Z 0.624e0.876; Figure 2). The optimal
cutoff value of Pves was 45 cmH2O, with a specificity 78.26%
and acceptable sensitivity 73.08%.
Patients with neurogenic and nonneurogenic DU had
significantly improved VE, VV, PVR, and Qmax (Table 3). The
patients with neurogenic DU had higher VE at follow up
than the patients with nonneurogenic DU (56.0  30.5% vs.
36.9  35.6%, p Z 0.047). The baseline and follow-up Pves
in patients with neurogenic DU was significantly higher than
that of patients with nonneurogenic DU. However, the
neurogenic DU was not significant in predicting satisfactory
outcome (Table 2).
Fifteen (30%) of the 50 patients had improved bladder
contractility after TUI-BN. Among the 26 patients with
baseline uncontractile bladder, six (23%) regained bladder
contractility. The patients with nonneurogenic DU had
significantly improved Pdet $ Qmax at the follow-up visitTable 2 Baseline parameters in the patients with different sur
Satisfactory outcome
(N Z 26)
Dissatisfied outcome
(N Z 24)
p
OR
62.2 (55.1, 74.4) 60.0 (52.3, 70.7) 0.346 1.022
0.0 (0.0, 19.25) 0.0 (0.0, 10.0) 0.545 1.009
325 (292, 500) 400 (303, 500.) 0.264 0.998
0.0 (0.0, 2.5) 0.0 (0.0, 1.0) 0.268 1.202
0.0 (0.0, 7.5) 0.0 (0.0, 5.0) 0.929 1.011
56.0 (34.3, 107.5) 24.0 (15.0, 45.0) 0.001 1.023
25.3 (11.3, 48.9) 20.3 (14.4, 53.5) 0.684 0.989
136 (111.5, 174.5) 218 (142, 256) 0.018 0.990
18 (69.2%) 11 (45.8%) 0.082 2.66
Data in parenthesis indicate the first and third quartiles.
CI Z confidence interval; FSF Z first sensation of bladder filling;
PVR Z postvoid residual volume; Pves Z maximal intravesical pressu
rate; VV Z voided volume.(4.4  4.4 vs. 11.7  10.6 cmH2O, pZ 0.007). Among the 21
patients with nonneurogenic DU, 11 (52.4%) had improved
Pdet $ Qmax after TUI-BN. In contrast, only four of the 29
patients with neurogenic DU had improved Pdet $ Qmax (4/
29 Z 13.8%). The difference between the two groups was
significant (p Z 0.003).
After TUI-BN, eight patients (16%) complained of urine
leakage during sleep, and three patients (6%) complained of
stress urinary incontinence (Clavien Classification grade II)
with abdominal straining or coughing in the daytime. All
patients with urinary incontinence recovered within 6
months after TUI-BN without any surgical intervention. One
patient developed a vesicovaginal fistula (Clavien Classifi-
cation grade IIIb) 1 week after TUI-BN and recovered well
after transvaginal fistula repair. Among the 21 patients who
had dissatisfied surgical outcomes, five (23.8%) had a non-
opening bladder neck during VUDS and thus underwent
repeat TUI-BN. Three of them had satisfactory surgical
outcomes after the repeated operation.Discussion
This study revealed that TUI-BN is a safe and effective
procedure for voiding dysfunction in female patients withgical outcomes.
Logistic binary regression
Univariate multivariate
95% CI p OR 95% CI p
0.983e1.063 0.264 1.044 0.958e1.107 0.144
0.991e1.028 0.327 1.023 0.926e2.147 0.327
0.994e1.001 0.227 0.923 0.912e1.701 0.920
0.905e1.597 0.203 1.161 0.526e2.471 0.628
0.887e1.153 0.865 1.068 0.720e1.262 0.523
1.005e1.042 0.013 1.024 1.010e1.082 0.032
0.974e1.005 0.182 0.982 0.956e1.012 0.199
0.982e0.998 0.020 0.998 0.976e1.001 0.062
0.836e8.456 0.082 1.359 0.256e7.592 0.262
OR Z odds ratio; Pdet Z maximal detrusor pressure at Qmax;
re; Pves Z maximal intravesical pressure; Qmax Z maximum flow
Figure 2 Receiver operating characteristic curve of the
baseline intravesical pressure (Pves) for predicting satisfactory
surgical outcome after transurethral incision of the bladder
neck. The area under the curve (AUC) was 0.767 (95% confi-
dence interval Z 0.624e0.876). The optimal cut of value of
Pves was 45 cmH2O, with a specificity of 78.26% and acceptable
sensitivity of 73.08%.
Transurethral incision of bladder neck in women 811DU. More than half of the patients benefited from this
simple surgical procedure and had satisfactory outcomes. A
higher Pves at baseline predicted a satisfactory outcome,
suggesting these patients generated more powerful
abdominal pressure to overcome decreased urethral resis-
tance after TUI-BN compared to patients with lower base-
line Pves.Table 3 Outcome in the patients with different etiologies.
Neurogenic DU
Age 57.5  16.8
VE (%) Baseline 7.3  17.0%
Follow up 56.0  30.5%
VV (mL) Baseline 18.4  41.1
Follow up 178.7  101.3
PVR (mL) Baseline 369.2  145.5
Follow up 141.9  127.4
Qmax (mL/s) Baseline 1.6  2.8
Follow up 7.1  4.8*
Pdet $ Qmax (cmH2O) Baseline 6.4  5.7
Follow up 9.5  9.4
Pves (cmH2O) Baseline 73.2  47.2
Follow up 65.7  36.4
Compliance (mL/cmH2O) Baseline 40.7  43.8
Follow up 42.3  57.6
* Significant difference (p < 0.05) between baseline and postoperativ
DU Z detrusor underactivity; FSF Z first sensation of bladder fillin
intravesical pressure; PvesZ maximal intravesical pressure; PVRZ po
volume.
a Comparing baseline and postoperative urodynamic parameters amIn contrast to detrusor overactivity, few studies have
focused on the cause and treatment of DU. Although some
women with DU void with little PVR volume, others cannot
empty their bladders even through abdominal straining.
During VUDS, the bladder neck did not open when these
patients tried to urinate using abdominal pressure. A non-
opening bladder neck resulting in functional outlet
obstruction during abdominal straining to urinate is one
possible cause of urine retention in women with DU.
Therefore, destroying the structure of the bladder neck and
decreasing bladder outlet resistance could be helpful to
facilitate urination in these patients, either by spontaneous
voiding or abdominal straining. Previous studies also sug-
gested that men with DU have significantly improved Qmax
and PVR after transurethral resection of the prostate.10,11
Endoscopic incision of the bladder neck for patients with
bladder neck dysfunction was first reported by Turner-
Warwick et al12 in 1973. Choudhury13 also reported on nine
women with bladder neck obstruction who received TUI-
BN. The mean PVR decreased from 143 to 27 mL. We pre-
viously reported our short-term results in women who had
DU and received TUI-BN.6 In the current long-term follow-
up study, TUI-BN for women with DU improved the mean VE
and reduced PVR during the mean 61.8-month (range,
6e129) follow-up period. In contrast, a previous study of
external sphincterotomy in patients with spinal cord injury
showed a high failure rate (67.9%, 57 of 84 patients) during
a median 36-month follow-up period.14 Adequate deep
incision of the bladder neck to the serosa layer is the reason
for the long-term efficacy in our study. The bladder neck
remained wide open on long-term, follow-up cystoscopy.
The persistent wide open bladder neck and reduction of
bladder outlet resistance is likely the reason for the long-
term efficacy.
After analyzing the baseline urodynamic parameters, we
found that a higher Pves and a smaller FSF at baseline were
predictive of satisfactory outcomes after TUI-BN. In the(N Z 29) Nonneurogenic DU (N Z 21) pa
65.1  10.9 0.08
2.8  35.6% 0.259
* 36.9  35.6%* 0.047
14.1  14.0 0.603
* 120.0  112.0* 0.379
409.0  153.7 0.384
* 234.1  190.6* 0.058
1.0  2.1 0.390
4.7  4.4* 0.745
4.4  4.4 0.294
11.7  10.6* 0.073
35.1  24.9 0.001
34.4  25.4 0.005
53.8  88.6 0.408
57.1  51.4 0.232
ely within each subgroup.
g; Pdet Z maximal detrusor pressure at Qmax; Pves Z maximal
stvoid residual volume; QmaxZ maximum flow rate; VVZ voided
ong groups.
812 J.-F. Jhang et al.past, few studies investigated the relationship between
voiding and abdominal pressure. The musculofascial
structure of the female pelvis provides a hammock to
compress the urethra during increased abdominal pres-
sure.15 Therefore, increased abdominal pressure does not
usually result in urine leakage in healthy women. None-
theless, women with DU must use increased abdominal
pressure to achieve spontaneous urination. TUI-BN destroys
the continuity of the musculofascial structure in the female
pelvis, relieves the extrinsic pressure conduction that
compresses the urethra, and facilitates voiding upon
increased abdominal pressure. After TUI-BN, women must
still use abdominal pressure to overcome the remaining
urethral resistance generated by the intact urethral stri-
ated sphincter. Thus, patients with higher Pves would have
better VE than those with lower Pves. Additionally, among
patients with a small FSF, preserved pelvic nerve coordi-
nation is another possible reason for good outcomes in our
study.
The study patients with neurogenic DU had better VE
than the patients with nonneurogenic DU in the long-term
follow-up period. All patients with neurogenic DU had in-
juries to the lumbosacral spinal cord or pelvic plexus. These
patients were ambulatory and performed daily living ac-
tivities independently. The age of patients with neurogenic
DU was slightly younger than that of patients with non-
neurogenic DU. The mean Pves was also significantly higher
in patients with neurogenic DU. In contrast, the etiologies
of nonneurogenic DU consisted of diabetic cystopathy,
aging, and other unknown etiologies. Some of these pa-
tients were wheelchair bound, less ambulatory, or could
not independently perform normal daily activities because
of age or another comorbidity (such as stroke). Inadequate
abdominal straining power and lower Pves could be the
reasons for the dissatisfactory outcomes among the pa-
tients with nonneurogenic DU.
Interestingly, the mean Pdet $ Qmax significantly
improved in our patients after TUI-BN, especially in pa-
tients with nonneurogenic DU. In a study of 19 men with
nonneurogenic uncontractile bladders undergoing holmium
laser enucleation of the prostate, Pdet significantly
improved.16 Contractions of the urethral sphincter stimu-
late the proprioceptive nerves in the bladder muscle, which
then activate the inhibitory neural control of the bladder
contraction.17,18 The bladder neck and proximal urethra
also play a role in the guarding reflex of the micturition
cycle.17 The greatest concentrations of nerves in the
bladder neck are at the 4 o’clock and 8 o’clock positions.19
Because TUI-BN obliterates the structure of the bladder
neck, neural innervation might also be destroyed in this
procedure. Some of our patients regained bladder
contractility after TUI-BN, which could have resulted from
the disruption of the guarding reflex. In other patients, an
increase in bladder contractility could have resulted from
substantial relief of bladder outlet obstruction following
the rehabilitation of the detrusor muscle. Nevertheless, the
recovered bladder contractility is not usually adequate for
sustained spontaneous voiding; thus, these patients must
still urinate with abdominal straining after TUI-BN.
The adverse effects and perioperative complications of
TUI-BN for the women in this study were acceptable. Only
eight patients experienced mild urinary incontinence thatdeveloped during abdominal straining or sleeping, and the
incontinence was self-limited and resolved within 6 months
after surgery. Preventing the guarding reflex could lead to
urinary overflow incontinence during sleep because pa-
tients usually have a higher Pves at bladder capacity and a
lower urethral resistance during sleep. Only one patient
developed a vesicovaginal fistula, and she recovered well
after fistula repair surgery. The patient had a history of
cervical cancer and received radiotherapy 15 years earlier.
Unhealthy tissue in the vaginal endopelvic fascia could in-
crease the risk of development of a vesicovaginal fistula in
the deep incision of the bladder neck.
The main limitation of this study is its retrospective
design, small sample size, and single-center experience.
The follow-up course was not well scheduled and not
comprehensive. A prospective, randomized, controlled
study with a large cohort is necessary to confirm the
effectiveness of TUI-BN in women with DU. The conclusion
of the current study is that TUI-BN is an effective procedure
to improve VE for women with DU in the long term. A higher
baseline Pves predicts a satisfactory surgical outcome.Acknowledgments
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